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Considerable evidence exists which is consistent
with the picture that the chloroplast system of E1ug-
lcna is unider autonomous genietic control. This in-
cludes studies of ultraviolet inactivationi anid photo-
reactivation of chloroplast inheritanice (7, 10. 13, 14)
and the demonlstration of a unique species of chloro-
plast-associated DNA (3, 4, s5, 9, 11). Evidence has
been presented for distinct chloroplast-associated
RNA, in additioni to the usual niuclear DNA anid cvto-
llasmnic RNA (2, 6).

In this communicationi we l)rovide ad(litionial evi-
dence for the localization of DNA in the chloro-
plasts.

Materials and Methods

Eitgleiia gracilis var. bacillaris was grown on Hut-
ner's pH 3.5 medium (8) as described previously
(10). For the described experiments, light-grown cells
were inoculated into 125 ml of medium contained in
250--ml Erlenmayer flasks conitaininlg 1 mil of purinie
solution (see below) which hadl beeni adjustedl to )H
3.5 prior to autoclaving. Flasks were incubated
utl(ler approximately 400 ft-c of fluorescent light at
260.

Cells to be incubated with radioactivity were first
adapte(d to 1-week's growth on equivalent concenitra-
tiolis of noniradioactive purine before being inoculated
inito fresh miie(lium containing the radioactive purine.

In the case of guanine, the purine solution used
contained 0.274 mg/ml IN HCl. For radioactive ex-
perimelits an i(lentical quantity of guanine was dis-
solved which was also equivalent to 1 mc of tritiuni
radioactivity. For experiments with adenine, 1 mc
of adenine/miil water was added to the medium in ad-
(lition to radioactive guanine. About 5 X 105 cells
were inocutlated into each flask and samples were re-
iioved at various timzes from 24 to 240 hours.

Guanine-H3 (333 iec/mM) and adenine-H3 (243
nic/mM) were purchased from Nuclear Chicago;
their unlabeled couniterparts were purchased from
Nu'tritional Biocheniicals.

Nucleic acids were isolated by Marmur and( Doty's
method with slight mlodifications (4). Samples were
taken from all fractions in the isolation and radio-
activity measured in dioxane scintillation fluid (770
ml dioxane, /770 ml toluene, 460 ml absolute ethanol,
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1 g PPO, 0.1 g POPOP, 16 g napthalene) in a Pack-
ar(l Tri-Carb Model 314-DC scintillation sl)ectrom-
eter.

The DNA fraction was further treated with cry-
stalline deoxyribonuclease (Worthington Biochem-
icals, 500 /Ag/nml containinig 0.003 M Mg&O,) at 380
for 90 miiiilutes. It was then dialyzed against 2 liters
of stancdard salinie citrate (0.15 Ni NaCI containing
0.015 M sodium citrate, pH 7.1).

Preparative cesium chloride gradienits were car-
rie(l otut as described p)reviously (4). Samiples col-
lected (lropwise from a puncture in the bottomii of the
centrifuge tube were diluted with 1 ml of standard
saline citrate solution for measurement of absorp-
tionl at 260 mnj. These samples, after receiving 100
,ug of yeast DNA as carrier, were made to 5 % tri-
chloroacetic acid, held at 40 for precipitation and
were filtered on 0.45 u 25 mm Millipore filters.
These were then dried and were added to toluene
scintillation fluid (400 ml toluene, 40 mg POPOP, 2
g PPO) in vials for counting.

For radioautography, a drop of cell culture was
placed on an acid-cleaiied slide coated with Haupt's
adhesive. An alcohol-cleaned coverslip beariiig a
drop of 50 % methanol was inverted over the (lrol)
of cell culture. This sandwich was theni frozen oii
a block of dry ice and the coverslip peeled off. The
slides were then placed successively in 3: 1 ethanol-
glacial acetic acid, 100 % ethanol and 95 % ethanol
to remove the acid soluble materials anid were air
dried and reserved at 40 for enzymiie treatnient.

For treatment with deoxyribonuclease, slides were
placed in a solution containing 0.1 mg/nil crystalline
Worthington deoxyribonuclease in 0.003 M MgSO4
adjusted to pH 6.6 with NaOH for 4 hours at 380.
Ribonuclease treatment employed 0.2 mg//ml Worth-
ington crystalline ribonuclease in water at pH 6.6 for
4 hours at 380. In all cases, control slides were
treated identically, with the omission of enizyme. In
some cases, slides were treated with both enzynmes at
these concentrations simultaneously; in others the 2
solutions were used sequentially.

After washing and air drying, the sliles wvere
coated with Ilford L-4 emulsion at a diluitioni of 2: 1
emulsion; water at 45°. They were then exposed
at 40 for 7 to 8 weeks in light-tight boxes and were
then developed with Kodak D19 for 5 minutes fol-
lowed by fixation. The pattern of label was ob-
served with a Zeiss phase contrast microscope. To
increase contrast for photography some preparations
were stained through the emulsion with iron hemato-
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x)vlin. For this, the slides were mordanted for 2
hours at room temperature in 30 g/liter ferric am-
moonium sulfate containiing 10 nml glacial acetic acid
ancd 1.2 ml sulfuric acid. After washinig. thevwere
stailne(l with 0.5) % aqueous hematoxylin for 2 hours
or longer until chloroplasts anld nuclei showed over-
staininlg. The slides were theni destainied with 0.5
concenitration of mordant solution for about 30 sec-
onds or until good differenitiatioln of l)lastids alnd
nluclei were observed. Slides were thenl washed. air
dried an(d observed for grainis over the stainled areas.

Results and Discussion

Clieitlcal Locaiization of Label in Ccll Fractionis.
Since Sagan (12) an(d others have shownl that thv-
midline, and pyrimiiidines in genieral, are niot effective
precursors of DNA in Eiiglenia, explorations with a
purinie, guanine, were ulndertaken based on the re-
port of Boltoni et al. ( 1). As may be seenl from table
I, the label from tritiated guanine appears in the nut-
cleic acids of cells which were exposed to guanine-H .
On lysis of the cells for DNA extraction after gua-
nine-H3 incorporation, virtually no counts were
found in the organic layer andl protein lprecipitate at
the first Sevag deproteinization. About 5 % of the
label in the medium appears in the total nucleic acids
with about 20 % of this in DNA (specific activity =
340 cpm/,ug DNA). In other experiments, mixtulres
of adenine and guanine were used in an attempt to
increase the amount of label incorporated, but adde(d
adenine-HFt did not significantly increase the total
amounit of niucleic acid labelinig. Other unsuccess-
ful attempts to increase the total amount of incor-
poration included increased molar concenitrationis of

Table I. Uptake of Guanin-e-H:: iiito
Nuicleic Acid Fraction

Total counts in incubation medium 1.8 X 107
DNA + RNA* 8.7 X 10-
DNA** 1.3 X 10-
After DNAase*** 297

* After first Sevag deproteinization.
** After 2 additional Sevag deproteinizations followed

by ribonuclease treatment.
After 1 additional Sevag deproteinization, deoxy-
ribonuclease treatment and dialysis.

guanine-H3, prolonged incubation times, anld prein-
cubation with label under nondividinig con(ditionls.
These did not significantly enhanlce the specific ac-
tivitv of the nucleic acids.

To enisure that the label is inideed in the forims
of DNA ordinarily encountered in Eilelciia (4, 5) the
DNA fraction obtained aboove was subjected to dlen-
sity gradient centrifugation in cesiumii chloride (4).
The major peak centerilng at drop 15 in figure 9 is at
the usual positioni for main band (or nuclear) DN.\
for Eulglenia. As is ustial in preparative centrifuga-
tionls with large anmounts of DNA, the satellite (clilo-
roplast-associate(l) DNA appears as a shoul(ler on
the miaini band (drops (16-18). Both mlain band
and satellite appear to be labeled. W\ith this assuir-
ance that significanit incorl)oration of label fromii
guaninle-H3 is possible, radlioautographv experinienlts
utider idlentical conditiolns of labeling were und(ler-
taken.

RadioauitographlX of Labelcd Cclls. Figure 1
shows a representative radioautograph of a light-
grown cell of Eutglen?a after incubatioln for 72 hourts
in guanine-H3 and removal of the acid-soluble mate-
rials. As expected, label is distributed over the cell.
If comparable cells are treate(d with ribonuclease prior
to radioautography (fig 2, 3, 4) a significant amlouniit
of label is lost. That which remains is consistently
found to be localized over the nucleus (fig 2) and in
clear clumps over the stained chloroplasts (fig 3. 4).
There is no indication of other cytoplasmic cltumping
of grains. The amount of presume(l mitochond(rial
DNA is about the same as that of chloroplast DNA
(5). Since there are more thani 10 times as m11alny
mitochond(ria as chloroplasts, the number of grainWs
over the mitochondria should be lower by more thani
a factor of 10. Thus, this metho(d of labeling selec-
tively l)ermits tis to (listinlguish onl l)yNA Iabel iin
chloroplasts.

If comparable cells are treated with deoxyribo-
niuclease rather thani ribonuclease, (fig 5. 6) there is
n1o significant removal of total ra(lioactivitv, conl-
sistent xvith the data presenited in table 1. There is,
however, a selective loss of label from the nucleus
as a result of the deoxyribonuclease as might be ex-
pected, and the remiiaining cvtoplasmic label is fairly
uniformly distributed.

Treatment of the cells with both (leoxvribontl-
clease and riboniuclease, either simiiultanieously or inl

Light micrographs of Euglenia gracilis var. bacillaris labeled with guanine-H; and stained with hemotoxylin. FI(;.
1. Radioautograph after incorporation of guanine-H3 for 48 hours anid treatment to remove acid soluble materials.
The label in both DNA and RNA is distributed over both the nucleus and the cytoplasm of the cell. FIG. 2. Com-
parable cells to those in 1, treated with ribonuclease prior to radioautography. The remaining label is in the nucleus
and is also distributed in clumps over the stained chloroplasts. This picture is focused to show nuclear labeling. FIG.
3, 4. Comparable cells to those in figure 1 treated with ribonuclease prior to radioautography, showing DNA labeling
in the nucleus and in clumps over the stained chloroplasts. FIG. 5, 6. Comparable cells to those in figure 1 but treated
with deoxyribonuclease prior to radioautography. Most of the label is removed from the nucleus and the remaining
cytoplasmic label in RNA is distributed fairly uniformly over the cell. Fig 7, 8. Comparable cells to those in figure
1 treated with deoxyribonuclease and ribonuclease simultaneously. The label is reduced to the level of background.
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sequence, re(luces the celluilar lalhel to blackground
levels (fig 7, 8). No lalel was renovedl from conitrol
slides incul)atedl in l)buffer alonie. Tllese characteris-
tic labelinllg l)atterns were observe(l in all of the cells
in all of the experinments, in both staine(d an(dtiuni-
stainedl p)reparations.

This patterni of inicorporationi all(l removal of label
ix conmpletelv conisistelnt with the conluctisions dIrawn
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FIG. 9. Density gradienit centrifugationi of purified
DNA isolated from Euglena. These cells were inicu-
bated in the light for 48 hours in H3-guanine medium
1)rior to lvsis.

fromi l)revious experiments using other miiethodls (3,
4, 5, 9, 11) that a chloroplast-localized sl)ecies of
D)NA exists in Eitgleia(.

Summary

Tritiated guaninle or adeninie is incorl)orate(l inito
the nucleic acids of l,igleena gracilis var. bacilaris in
sufficient quantities to be useful for radioautography.
Both RNA and DNA are labeled under these condi-
tions. Radioautography of labele(d cells reveals that
the radioactivity is distributed over both the nlicleus
and cytoplasm of the cell. Treatmlenit of the cells
with ribonuclease prior to radioautography shows
clumps of radioactivity over the niucleus and over the
chloroplasts. Treatmient with deoxyribontuclease
prior to radioautography leaves a fairly uiniform RNA
labeling patterni over the cell. 'I'reatmlent \vith 1)oth
leoxvril)onluclease and ribonuclease remiioves virttually
all of the label in the cells. 'T'hese resuilts inidicate
that there is a species of D)NA localize(d in the chloro-
l)lasts ofr the cell. T'his is conisistent with evi(lenice
oltained by several other metho(ds.
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